PCX 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Intemational Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Class^cation 6 : 
B60N 2/00, B60R 2^00 



Al 



(11) International PubUcation Number: WO 99/24285 

(43) Intemational Publication Date: 20 May 1999 (20.05.99) 



(21) Intemational AppUcatlon Number: PCTAJS98/24140 

(22) International Filing Date: 12 November 1998 (12.1 1.98) 



(30) Priority Data: 
60/065,115 



12 November 1997 (12.1 1 .97) US 



(71) AppUcant: SIEMENS AUTOMOTIVE CORPORATION 
[US/USl; 2400 Executive Hills Drive, Aubuni Hills, MI 
48326-2980 (US). 

(72) Inventors: OESTREICHER, Ralf; 4035 Three Oaks Boulevard, 
Troy, MI 48098 (US). HOMANN, Michelle; 3695 Eaton 
Gat Lane, Auburn Hills. MI 48326 (US). MORELL, Scott; 
4594 Spring Ridge Drive, Whitelakc Township. MI 48383 
(US). REICH. Dan; 15642 Lor Way, Qinton Township, MI 
48038 (US). 

(74) Agents: KIEL, Paul ct al.; Siemens Corporation, Intellectual 
Property Dept., 186 Wood Avenue South, Iselin, NJ 08830 
(US). 



(81) Designated States: AL, AM, AT, AU. AZ. BA, BB, BG. BR, 
BY, CA, CH. CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
Oa GM, HR, HU, ID. IL. IS. JP, KE. KG. KP. KR, KZ. 
LC, LK. LR, LS, LT. LU, LV, MD. MG. MK, MN, MW, 
MX, NO. N2, PL, PT. RO, RU, SD, SE. SG. SI. SK. SL, 
TJ. TM. TO, TT, UA, UG, U2. VN, YU, 2W, European 
patent (AT, BE. CH. CY. DE. DK. ES, H, FR, GB, GR, 
IE, IT. LU, MC NL, PT. SE). OAPI patent (BF, BJ. CF, 
CG. a. CM. GA, GN. GW, ML. MR, NE, SN. TD. TG). 



Published j 

With intemational search report. 

Before the expiration of the time Omit for amending the 
claims and to be republished in the event of the receipt of | 
amendments. 



(54)™e! A MKTHOD AND SYSTEM FOR DEIBRNfflNINO WEIGHT AND POSITION OF A VEHICLB SEAT OCCUPANT 

lo 



jfc^ WCtSaiMor ., 



! « 



V— -■ , 1 



Be 



4«VP0 



I 



mi l i nn j 



I 



i 



(57) Abstract 

A method and system for determining weight and/or position of a vehicle seat occupant to be used for controlling ^he reaction of a 
(12) to be used to tailor or suppress the reacUon of the safety restraint system (12). 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States paity to the PCX on the front pages of pamphlets publishing international applications under the PCX. 



AL 


Anwnia 


ES 


SfMin 


LS 


Lesotho 


SI 


Slovenia 


AM 


Annenia 


FI 


Hnland 


LT 


lidmania 


SK 


Slovakia 


AT 


Aiutria 


FR 


France 


LU 


Luxembourg 


SN 


Senega] 


AU 


Australia 


GA 


Gabon 


LV 


LatWa 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Hcraegovina 


GE 


Georgia 


MD 


Repiibtic of Moldova 


TO 


Togo 


BB 


Baitados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burinna Paso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


VG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyigyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


C6tc d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Reinibllc 


LC 


Saint Luda 


RU 


Russian Federation 






DB 


Gennany 


U 


I-ifechtftnstein 


SD 


Sudan 






DK 


Denmaiic 


LK 


Sri Lanka 


SB 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 








- wo 99/24285 PCT/US98/24140 

A METHOD AND SYSTEM FOR DETERMINING WEIGHT 
AND POSITION OF A VEHICLE SEAT OCCUPANT 

5 Field of the Invention 

This invention relates to vehicle safety, .restraint,. systems and 
more particularly to a method and system for controlling the reaction of safety 
restraint systems in response to weight and position of a vehicle occupant. 

10 

Background of the Invention 

It is known in the art relating to vehicle safety restraint systems to 
adjust the reaction of the restraint system to accommodate for the weight and 

15 position of the vehicle occupant. It is desirable to prevent injury and 
unnecessary deployment of the safety restraint system. Deployment of an air 
bag associated with an unoccupied seat location during a vehicle crash adds 
unnecessary expense to repair of the vehicle. Also, it is desirable to prevent 
deployment of the air bag when a small child, or an in^nt in a rear facing car 

20 seat, is occupying the seat 

To prevent such unnecessary deployment of an air bag at an 
unoccupied seat location, sensors are provided to detect the presence of an 
occupant on the vehicle seat. These sensors include pressure sensing 

25 switches located in the seat cushion or infrared or ultrasonic sensors located in 
the vehicle dashboard or Instrument panel. A problem with the infirared or 
ultrasonic sensors is that if the dashboard Is blocked or the seat is covered, 
accurate detection of a seat occupant in the seat is hindered. Also, such 
sensors are not cost effective. Furthermore, most prior sensing systems fail to 

30 provide an accurate weight of the seat occupant which can be used to 
determine and adjust the reaction of safety restraint systems. 



Another device for controlling a safety restraint system is a 
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manual override switch that may be installed to allow a driver to disable the 
passenger-side air bag manually.- Such devices, however, become ineffective 
in instances where the driver or operator simply forgets to turn the switch on or 
off depending upon the existence of a passenger or a child in the vehicle seat. 

5 

Summary of the Invention 

The present invention provides a method and system for 
determining weight and/or position of a vehicle seat occupant to control the 
10 reaction of safety restraint systems, such as air bag modules and constant 
force retractors. 

An object of the present invention is to provide a system that 
controls the reaction of the safety restraint system in response to the weight of 
15 the seat occupant and their position. For example, if the seat occupant is a 
child having a low weight, the air bag module will not be deployed. 

Another object of the present invention is to modify the air bag 
deployment if the seat occupant is improperly seated or too close to the 
20 dashboard. 

A further object of the present invention is to modify the inflation 
force of the air bag module in response to the weight of the seat occupant. 

25 Another object of the present invention is to provide the seat 

occupant's seating position during pre-crash braking where the occupant's 
position changes rapidly due to high deceleration due to braking. 

A still further object of the present invention is to provide a more 
3 0 accurate weight of the seat occupant. 

The method of the present invention includes sampling output 

2 
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signals of a plurality of spaced weight sensors disposed between a seat surface 
and a seat mounting surface. The output signals of the weight sensors are 
added together to determine the total applied weight on a vehicle seat. The 
center of gravity is detemnined from the output signals of the weight sensors. 
An information factor is then detennined. One of the infomiation factors 
determined is a seating position of the occupant. The seating position of the 
seat occupant is detennined from the center of gravity of the occupant. 
Another infomiation factor detennined is a correction factor. The conrection 
factor is used to determine an actual weight of the seat occupant. The 
correction factor is multiplied by the total applied weight to determine the actual 
weight of the seat occupant. From the weight and position of the seat 
occupant, the seat occupant is classified into weight and position 
classifications. The classifications are then sent to the safety restraint system 
to be used to control the reaction of the safety restraint system. 

The system of the present invention includes a plurality of weight 
sensors disposed between a seat surface and a seat mounting surface for 
providing output signals indicative of an applied weight on the sensors. The 
sensors are spaced such that the sensors measure the applied weight on the 
seat back and the seating surface. Each of the sensors includes a seat surface 
engaging portion, a seat mounting engaging portion and a walled portion 
extending between the engaging portions. Each walled portion includes at 
least one strain gage mounted thereon for measuring wall deflection which is 
proportional to applied weight. A controller is in communication with the weight 
sensors for calculating at least one information factor such as weight or position 
of the seat occupant. The weight and/or position information is sent to the 
safety restraint system to be used to control the reaction of the safety restraint 
system. 

These and other features and advantages of the invention will be 
more fully understood from the following detailed description of the invention 
taken together with the accompanying drawings. 



5 
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.J 

Brief Description of the Drawings 

in the drawings: 

FIG. 1 is a bloci< diagram of a system for determining the weight 
and position of a vehicle seat occupant in accordance to the present invention; 



FIG. 2 is a side view of a vehicle seat having weight sensors 
10 disposed between a seating surface and seat mounting surface; 

FIG. 3 is a schematic plan view of the vehicle seat having four 
sensors spaced according to one embodiment of the present invention; 

15 FIG. 4 is a perspective view of a weight sensor; 

FIG. 5 is a cross-sectional view of the weight sensor taken along 
line 6-5 in FIG. 4; 

20 FIG. 6 is a block diagram of a sensor interface circuit for providing 

a signal indicative of the applied weight to the vehicle seat; 

FIG. 7a is a graph of a reference signal from an integrator within 
the sensor interface circuit and of a strain gage output signal; 

25 

FIG. 7b is a graph of a pulse width modulation signal from the 
sensor interface circuit indicative of the applied weight on the seat; 

FIG. 8 is a schematic view of a seat occupant seated In a normal 
30 seating position illustrating the relationship between the occupant's distance 
from the dashboard and the forces applied to the seat; 



4 
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FIG. 9 is a schematic view of a seat occupant seated in a forward 
seating position illustrating the relationship between the occupant's distance 
from the dashboard and the forces applied to the seat; 

FIG. 10 is a flow diagram of the operation of the system; and 

FIG. 11 is a graph of vehicle acceleration vs. time inustrating the 
seat occupant's position displacement during pre-braking and crash. 

Detailed Description of the Invention 

Referring now to the drawings, numeral 10 generally indicates a 
system for detemriining the weight and/or position of a vehicle occupant to 
control the reaction of a vehicle safety restraint system 12. The system 10 
includes weight sensors 14 located beneath a vehicle seat 16 and a controller 
18 to determine the weight and position of the vehicle occupant in response to 
the output signals of the weight sensors. For adaptive restraint systems, the 
weight and position of the seat occupant is an important parameter to adjust the 
reaction of safety devices such as air bags and constant force retractors in a 
crash situation. 

The weight and position of the seat occupant can be determined 
by measuring the force or weight applied by the occupant to a seating surface, 
or seat pan 20, and to a seat back 22. A plurality of weight sensors 14 located 
between the seat and a designated seat mounting portion, for example, 
underneath the seat pan 20, are used to measure the forces applied to the seat 
16. In one embodiment, the sensors 14 are disposed between the seat pan 20 
and a seat mounting surface, or seat tracks 24. Alternatively, the weight 
sensors 14 may be disposed between the seat tracks 24 and a seat frame 26. 
The spacing of the sensors 14 is such that all forces applied to the seat back 22 
and the seat pan 20 are measured. 
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In a preferred embodiment, the weight sensors 14 are located at 
the main connecting points of the seat pan 20 and the seat back 22 to the seat 
tracks 24. Referring to FIGS. 2 and 3. sensors 28.30 are located at a first 
connection point near the firont of the seat 16 where the seat pan 20 and seat 
tracks 24 connect. Sensors 32,34 are located at a second connection point 
near the rear of the seat 16 where the seat pan 20. seat back brackets 36 and 
seat tracks 24 connect Essentially, a sensor 14 is located near each comer of 
the seat pan 20. Such a mounting anrangement of sensors 28,30.32,34 allows 
for all seat pan 20 and seat back 22 forces (FJ to be transferred through the 
sensors to the controller 18. 

Referring to FIGS. 4 and 5, each sensor 14 includes a seat 
surface engaging portion 38, a seat mounting surface engaging portion 40 and 
a walled portion 42 extending between the engaging portions 38,40. As shown 
in FIG. 1, each sensor 14 includes at least one strain gage 44 mounted 
thereon. When a force is applied to the sensor 14 the walled portion 42 
deflects and the resulting wall deflection is proportional to the applied weight. 
Also, the walled portion 42 may include a sensor interface circuit 46 which 
allows the controller 18 to analyze a strain gage output signal 48 to calculate 
the weight and position of the seat occupant. 

For a high sensitivity in the vertical axis and a low cross sensitivity 
against horizontal forces, four strain gages 50,52,54.56 should be applied to 
the walled portion 42. Strain gages 50 and 52 are located on an inner diameter 
of the walled portion 42. Strain gages 54, 56 are located on an outer diameter 
of the walled portion 42. The strain gages 50,52 are diametrically opposite 
from each other and strain gages 54,56 are diametrically opposite from each 
other. For applications where the sensitivity and accuracy of the sensor can 
be decreased, only one or two strain gages may be used. 

Each sensor 14 may include a full bridge or wheatstone bridge 
an^ngement of strain gages that converts strain of the walled portion 42 to 

6 
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which it is attached into resistance changes. To obtain the strain gage output 
signal 48, a dc voltage is applied sicross two of the four tenninals of the bridge. 
The difference between the output voltages at the other two temriinals is the 
differential output voltage signal of the strain gage 44 which Is proportional to 
the applied weight. 

Referring to FIGS. 1 and 6, each sensor 14 may include the 
sensor interface circuit 46 which develops a pulse width modulation (PWM) 
signal 62 indicative of the applied weight to the sensor 14 that is applied to the 
controller 18, The circuit 46 Includes a two-stage signal amplifier 84, pulse 
width modulation circuit 66. and temperature sensor/zeroing control circuit 68. 
Since the strain gage output signal 48 is at such a small voltage level, the two- 
stage signal amplifier 84 is needed to amplify the signal to a readable level. 
The two-stage amplifier 84 includes two operational amplifiers 70,72. 

The pulse width modulation circuit 66 includes a voltage 
reference circuit 74, analog integrator 76 with reset circuit 78 and comparator 
80. The voltage reference circuit 74 provides a constant voltage 75 to the 
analog integrator 76. The constant voltage 76 is generated from a supply 
voltage (V^J. The voltage reference circuit 74 may be a voltage divider. The 
constant voltage 75 is applied to the integrator 76 to generate a reference 
signal 82 to be compared with an amplified strain gage output signal 84. 

Referring to FIGS. 6 and 7a, the voltage reference circuit 74, 
integrator 76 and reset circuit 78 are used to produce a saw-tooth shaped 
signal, or the reference signal 82. at the output of the integrator 76 to be 
compared with the amplified strain gage output signal 84. The reset circuit 78 
may include a comparator with hysteresis that controls a switch, such as a 
metal-oxide semiconductor field-effect transistor (MOSFET) transistor (not 
shown). The reset circuit 78 is connected between the output of the Integrator 
76 and a capacitor (not shown) within the Integrator 76. When the output signal 
82 of the integrator 76 reaches a predetennined voltage level, the reset circuit 
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78 changes state, causing the capacitor to stop charging and begin to 
discharge. By charging and discharging the capacitor, the output signal 82 of 
the integrator 76 ramps from a low to a high voltage, producing the "saw-tooth" 
signal, as shown in FIG. 7a. 

5 

The reference signal 82 and the amplified strain gage output 
signal 84 are applied to the comparator 80 to produce the PWM signal 62 
indicative of the applied weight to the sensor. Referring to FIGS. 7a and 7b. 
when the voltage output of the strain gage 44 is lower than the voltage output 
10 of the integrator 76. the comparator 80 generates a logic high output. Further, 
when the voltage output of the strain gage 44 is higher than the voltage of the 
output of the integrator 76, the comparator 80 generates a logic low output. 
The time between pulses is proportional to the weight applied to the sensor. 

15 To correct voltage offsets due to varying temperature in the 

sensor interface circuit 46. the temperature/zero control circuit 68 is included in 
the circuit 46. The control circuit 68 includes a temperature sensor and sensor 
zeroing analog switch 86. The output signal 88 of the temperature/zero control 
circuit 68 is applied to the controller 18 as an analog signal. Also, multiplexed 

20 on the same output signal 88 is ability of the controller to pull the temperature 
sensor output signal to +5V. This causes the sensor zeroing analog switch 86 
to close, removing the strain gage output signal 48 from the amplifier 64 so that 
the PWM signal 62 can be measured when the strain gage output signal 48 of 
the strain gage is zero. By having the ability to measure the PWM signal 62 at 

25 zero output, the voltage offsets can be compensated in the controller 18. 

From the PWM signal 62, the controller 18 can determine the 
weight of the seat occupant. Alternatively, the controller 18 can determine the 
center of gravity of the occupant and, then, from the center of gravity, the 
30 weight of the occupant. The center of gravity is centered somewhere within the 
confines of the sensor grouping. The center of gravity is detennined by 
summing the forces applied to the sensors 28,30 near the front of the seat pan 

8 
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20 and then dividing the sum by the total of all the forces applied to the sensors 
28,30.32,34. In practice, it is found that the center of weight varies depending 
on the occupant and their seating position. 

5 In FIG. 8, the seat occupant is seated in a normal seating position 

and in FIG. 9, the occupant is seated in a fonA^ard seating position. It is 
apparent by comparing FIGS. 8 and 9 that the center of gravity of fhe occupant 
seating in the fonvard position is much closer to the dashboard 90 than the 
center of gravity of occupant seating in the normal position. Furthermore, 
10 FIGS. 8 and 9 show the relationship of the seat forces for normal and fonA/ard 
occupant seating positions. 

The measured forces are directly related to the occupant's 
position in the seat. The occupant's force on the seat with position is indicated 
as the force vector, fooaipani' The occupant's center of gravity is the position of 
^occupant the Seat. The measured forces at the front and rear respectively are 
F,and Fp For the normal seating position, the force at the rear, F^ is higher than 
the front, Ff. This is due to more of the occupant's weight located in the upper 
body. With a high percentage of the occupant's weight in the upper body, the 
center of gravity is a good indication of the distance of the occupant's upper 
body to the dashboard 90. Alternatively, a position sensor may be mounted 
within the seat tracl<s to determine the distance between the seat and the 
dashboard 90. By combining the seat position and the seating position of the 
seat occupant, a position classification can be determined indicative of the 
occupant's position relative to the dashboard. 

For the forward seating position, the occupant's upper body is 
leaning fonA^ard, causing the center of gravity to shift fonA/ard as indicated. 
Thus, the measured force at the front, Ff is now larger than at the rear, F^. The 
30 change in the position of the upper body has a significant effect on the center of 
gravity. This center of gravity shift fonA/ard properly indicates a forward seated 
occupant, close to the dashboard 90. Thus, from the center of gravity, an 

9 
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accurate weight and position of the occupant can be detemnined. 



From the center of gravity, a correction factor is calculated. The 
correction factor is used to determine the actual weight of the seat occupant. 
The correction factor is a correlation between the center of gravity and the 
seating position of the occupant. The correction factor may be determined by, 
for example, but not limited to, using appropriate correction factor algorithms or 
look up tables. The correction factor is needed because the measured forces 
are proportional to the weight applied to the seat, but not directly related to the 
weight of the occupant. 

In most seating positions only a variable part of the occupant's 
weight is applied to the seat. The percentage of weight seen on the seat is 
influenced by the position of the occupant. For example, in a standard seating 
position about 85% of the passenger's weight is seen on the seat. The rest is 
mainly applied to the floor of the car through the legs. A passenger leaning 
fonvard applies more weight to the floor than a passenger in a reclined position. 
Thus, use of the correction factor increases the accuracy of the measured 
weight. 

The controller 18 calculates the weight and/or position of the 
occupant by sampling the response of each sensor to applied weight to the 
seat. FIG. 10 is a flow diagram of the operation of the weight and position 
system. The algorithm is initialized in step 92 and each sensor is sampled in 
step 94. The controller 18 samples the sensors 14 about every 30 
milliseconds. Because of such a fast sample rate, the position of the seat 
occupant can be measured during pre-crash braking, as shown in FIG. 11. A 
biased average of each sensor output signal is taken over time in step 96, 
allowing for a better understanding of the occupant's weight. The averages are 
summed together to obtain a total force or weight parameter in step 98. Then, 
the center of gravity is calculated in step 100. The seating position of the seat 
occupant is determined from the center of gravity in step 102. Also, the 

10 
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correction factor is determined from the center of gravity in step 104. After the 
correction factor is detemnined, an actual weight of the occupant is found by 
multiplying the applied weight by the correction factor in step 106. From the 
weight and position of the occupant, the controller determines the weight and 
5 position classifications in step 108. The controller sends the classification 
information to the safety restraint system to be used to control the reaction of 
the safety restraint system in step 110. - 

Alternatively, the center of gravity is not needed to determine the 
10 weight of the occupant. If the measured weight is below a predetermined 
value, the occupant is considered a child, then the measured weight is the real 
weight However, if the measured weight is above a predetermined value, the 
measured weight is multiplied by a particular correction factor for a nomnal 
seating position to obtain the real weight of the occupant. Then, the weight 
15 classification is determined and the classification to the safety restraint system. 

Although the invention has been described by reference to a 
specific embodiment, it should be understood that numerous changes may be 
made within the spirit and scope of the inventive concepts described. 
20 Accordingly, it is intended that the invention not be limited to the described 
embodiment, but that it includes all modifications encompassed within the spirit 
of the following claims. 



11 
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Claims 

What is claimed is: 

1 . A method for detemiining Actors to be used for controlling the 
reaction of a safety restraint system, said method comprising the steps of: 

sampling output signals of a plurality of spaced weight sensors 
disposed between a seat surface and a seat mounting surface and spaced 
such that forces applied to a seating surface and a seat back are measured, 
said output signals indicative of the applied weight to each sensor; 

determining a total applied weight to a vehicle seat from the 
output signals of the weight sensors; and 

calculating a center of gravity of the seat occupant for use as an 
information factor. 

2. A method as in claim 1 further comprising the steps of 
using the center of gravity to determine a correction factor; and 

calculating an actual weight of the seat occupant by multiplying 
the total applied weight by the correction factor. 

3. A method as in claim 2 further comprising the step of 
determining a weight classification of the seat occupant from the actual weight 
of the seat occupant. 

4. A method as in claim 3 further comprising the step of 
sending the weight classification to the safety restraint system to be used to 
control the reaction of the safety restraint system. 

5. A method as in claim 1 further comprising the step of using 
the center of gravity to determine the seating position of the seat occupant. 

6. A method as in claim 5 further comprising the step of 

12 
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determining a seating position classification of the seat occupant. 

7. A method as in claim 6 further comprising the step of 
sending the seating position classification to the safety restraint system to be 
used to control the reaction of the safety restraint system. 

8. A method as in claim 5 further comprising the step of 
sensing a position of the vehicle seat relative to a vehicle dashboard. 

9. A method as in claim 8 further comprising the step of 
combining the seating position of the seat occupant with the position of the 
vehicle seat to determine a seating position classification of the seat occupant. 

10. A method as in claim 9 further comprising the step of 
sending the seating position classification to the safety restraint system to be 
used to control the reaction of the safety restraint system. 

11. A method as in claim 1 wherein the step of sampling the 
output signals of the weight sensors includes the step of taking a biasing 
average of the output signals from the sensor over period a time. 

12. A method as in claim 1 wherein the step of sampling the 
output signals of the weight sensors includes the step of developing a pulse 
width modulation signal indicative of the applied weight to each sensor. 

13. A method as in claim 1 wherein the step of sampling of the 
output signals of the weight sensors includes the step of compensating for 
varying temperature. 

14. A method as in claim 1 wherein the step of determining the 
center of gravity includes the steps of: summing the output signals of the 
sensors located at the first connection point for providing a sum; 
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dividing the sum by a total of the output signals from the sensors. 

15. A method as in claim 1 wherein four weight sensors are 
disposed between the seat surface and seat mounting surface, two weight 
sensors located at a first connection point near a front of the seat, where the 
seat surface and the seat mounting surface connect, and two weight sensors 
located at a second connection point, near a rear of the seat, where the seat 
surface, seat mounting surface and a seat back connept. 

16. A method as in claim 1 wherein each weight sensor 
includes at least one strain gage. 

17. A method for determining weight of a vehicle occupant to 
control the reaction of a safety restraint system, comprising the steps of: 

sampling output signals of a plurality of spaced weight sensors 
disposed between a seat surface and a seat mounting surface and spaced 
such that forces applied to a seating surface and a seat back are measured, 
said output signals indicative of the applied weight to each sensor; 

determining a total applied weight to a vehicle seat using the 
output signals of the weight sensors; 

detenmining whether the total applied weight is above a 
predetermined weight to distinguish between a child and an adult seat 
occupant; 

utilizing the applied weight as an actual weight when the applied 
weight is not above the predetermined weight; and 

calculating the actual weight of the seat occupant by multiplying 
the total applied weight by a correction factor for a normal seating position 
when the applied weight is above the predetemriined weight 

18. A method as in claim 17 further comprising the step of 
determining a weight classification of the seat occupant. 
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19. A method as in claim 18 further comprising the step of 
sending the weight classification infomiation to the safety restraint system to be 
used to control the reaction of the safety restraint system. 

5 

20. A system for providing factors to be used for controlling the 
reaction of a vehicle safety restraint system comprising: 

a plurality of spaced weight sensors disposed between a seat 
surface and a seat mounting surface for providing output signals indicative of 
10 an applied weight to each sensor and spaced such that forces applied to a. 
seating surface and a seat back are measured; 

each said weight sensor including a seat surface engaging 
portion, a seat mounting surface engaging portion and a walled portion 
extending between said engaging portions; 
15 each said walled portion including at least one strain gage 

mounted thereon for measuring wall deflection, and providing a strain gage 
output signal indicative of the applied weight; and 

a controller in communication with the weight sensors and the 
safety restraint system for calculating an information factor, in response to the 
20 output signals of the weight sensors, to be used to control the reaction of the 
vehicle safety restraint system. 

21 . A system as in claim 20 wherein the information factor is a 
seating position of the seat occupant. 

25 

22. A system as in claim 20 wherein the information factor is a 
weight of the seat occupant. 

23. A system as in claim 20 wherein each sensor includes a 
3 0 sensor interface circuit comprising: 

an amplifier circuit for amplifying the strain gage output signal; 

and 
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a pulse width modulation circuit for providing a pulse width 
modulation signal indicative of the applied weight to the sensor to be applied to 
the controller. 

24. A system as in claim 23 further comprising a temperature 
control circuit for compensating for varying temperatures within the sensor 
interface circuit 

25. A system as in claim 23 wherein the amplifier circuit 
comprises a first operational amplifier and a second operational amplifier. 

26. A system as in claim 23 wherein the pulse width 
modulation circuit comprises: 

a voltage reference circuit for providing a constant voltage to an 

integrator; 

said integrator providing a reference signal to be compared with 
the strain gage output signal; and 

a comparator for comparing the reference signal and the strain 
gage output signal to generate the pulse width modulation signal indicative of 
the applied weight to the sensor. 

27. A system as in claim 26 wherein the integrator has a reset 
control circuit for restarting the reference signal when said reference signal 
reaches a predetermined voltage level. 

28. A system as in claim 20 wherein the sensors are located at 
a first connection point near a front of the seating surface where the seating 
surface and the seat mounting surface connect and at a second connection 
point near a rear of the seating surface where the seating surface, seat 
mounting surface and a seat back connect. 

29. A system as in claim 28 wherein four sensors are disposed 
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between the seat and seat mounting surface, two sensors located at the first 
connection point and two sensors located at the second connection point. 

30 A system as in claim 20 wherein each sensor includes four 
strain gages, two strain gages mounted on an inner diameter of the wall^ 
portion and two strain gages mounted on an outer diameter of me walled 
portion. 

31 A system as in claim 30 wherein the two strain gages on 
the inner diameter are diametrically opposite and the two strain gages on the 
outer diameter are diametrically opposite. 

32 A system as in claim 20 further comprising a position 
sensor mounted within seat tracks defining said seat mounting surface to 
detemiine the position of the seat relative to a vehicle dashboard. 

33. An apparatus for controlling a vehicle safety restraint 

system, comprising: ^ »..H«r.» 

a plurality of weight sensors disposed between a seat surface 
and a seat mounting surface, each said weight sensor engaging a respective 
seat surface and a respective seat mounting surface, each said weight sensor 

providing a strain gage output; and ..^ . , 

a controller operatlvely connected to a safety restraint devK» and 
said plurality of «elgh. sensors, said controller detemnlnlng an 'n*^^"^' 
m rasponse to said strain gage output, and controlling the safety restrain, 
device in response to said information factor. 

34. The apparatus as in claim 33, wherein said infonnation 
factor comprises center of gravity and occupant weight infom^ation. 

35. The apparatus as in claim 34. wherein said infomiation 
factor comprises occupant position infomiation. 
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